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Figure 1.2: Bamboo-structure of used R thermocouple (negative branch).
 0.5mm
 0.5mm
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1173K for UPP, 1373K for others

depends on the ingot ?see Table 2.1?
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Table 2.1: Summary of the Platinum specimens.
Ingot No. Weight Forging R.R.R. Thickness?nal reduction?
UPP-2 2Kg  | 1.0mm(90%)





 ? 1200 1.0mm(90%)
UPP-6 5Kg  | 1.0mm(90%)
UPP-8 2Kg  | 1.0mm(90%)
UPP-9 2Kg  | 1.0mm(90%), 5.0mm(75%)













































Figure 2.2: Outline of the creep furnace and creep testing system.
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(a) UPP–9 whole creep curve
annealed at 1673K









(b) Magnified creep curve
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Table 2.2: Uncertainty budget of creep test.
Source of Uncertainty Value Distribution Divisor 
Temperature distribution of the furnace 20K rectangular(
p
3) 0.06%/1K 0.69%
Temperature stability of the furnace 5K rectangular(
p
3) 0.06%/1K 0.17%
Temperature dierence between furnace 10K rectangular(
p
3) 0.06%/1K 0.35%
Uncertainty of the measuring system 5K normal() 0.06%/1K 0.30%
Uncertainty of the thermocouple 3.5K normal() 0.06%/1K 0.21%
Traceability to ITS-90 <2K normal() 0.06%/1K <0.12%
Uncertainty of the clock in PC <1min./1week normal() | <0.01%
Uncertainty of the laser distance meter 0.1mm normal() 2.63%/mm 0.26%
Deformation except for the specimen 2mm/year normal() | <0.01%
Vibration disturbance | rectangular(
p
3) From the curve <0.50%
Gravity at the place 0.05MPa rectangular(
p
3) 1.00%/1MPa 0.05%
Mass measurement of weights and holders <0.1% rectangular(
p
3) | 0.10%
Stress change due to the elongation Max.4.76%(assumption) rectangular(
p
3) | 2.75%
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Table 2.3: Impurity concentrations (mass ppm).
Ingot No. Au Ag Pd Rh Al B Bi Ca Cr Cu Fe Mg Ni Pb Si Zn
UPP-2 4 0.2 <1 2 ND ND ND ND ND 0.9 <1 0.2 ND ND <0.1 ND
UPP-3 4 1 1 <1 ND ND ND ND ND 1 <1 0.1 ND ND <0.1 ND
UPP-4 0.4 0.6 2 <1 ND ND ND <0.1 <1 2 <1 0.5 ND ND 3 ND
UPP-5 0.2 0.9 2 <1 ND ND ND <0.1 <1 1 <1 0.5 ND ND 3 ND
UPP-6 <0.1 0.4 <1 <1 ND ND <1 <0.1 <1 0.6 <1 0.1 ND <1 <0.1 ND
UPP-8 2 0.8 2 <1 ND ND ND 0.1 ND 0.6 <1 0.5 ND ND 2 ND
UPP-9 <1 0.4 <1 2 ND ND ND <0.1 ND 0.6 <1 0.1 ND ND 0.5 ND
IND-1 52 30 32 60 3 10 <10 15 <1 <1 <1 <1 2 11 26 4
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Figure 3.1: Initial microstructure of UPP-4
annealed for an hour at 1673K.
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Figure 3.4: Microstructures of the crept spec-

















Figure 3.5: Wide surface of the crept speci-
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Figure 3.7: A creep curve at 1773K and























24 ? 3? ??????????
























































Figure 3.10: Wide surface after creep interruption from ingot UPP-4.
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30 ? 3? ??????????
3.3.2 ????????????????
?a? Annealed at 1673K for 1 hour ?b? Annealed at 1973K for 1 hour





40 Annealed at 1973K
Crept at 1273K, 4MPa















Crept at 1273K, 12MPa
Initial grain size : 0.15mm
Figure 3.14: Examples of creep curves for
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3.3. ???? 31
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Table 3.1: Initial grain-size of the specimens.





Specimen temperature (mm) (%) (%) 1mm 0.5mm 5mm
High-Purity 1673K 0.18 3 2 ? | ?
Platinum 1973K 0.52 5 5 ? | ?
Industrial 1273K 0.21 10 9 ? ? |
Grade 1473K 0.40 11 17 ? ? |
Platinum 1973K 0.64 18 14 ? ? |

1
: standard deviation within a sample

2
: standard deviation between samples
???????? ????????????????????????????????
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Figure 3.16: Microstructures of high purity Platinum before and after the creep test.
1mm
crept at 1273K *
+ crept at 1673K
( annealed at 1673K
crept at 1673K *
+ crept at 1273K
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Annealed at 1673K for 1 hour Annealed at 1973K for 3 hours



















































5mm, annealed at 1673K, crept at 1473K, with 5MPa 5mm, annealed at 1973K, crept at 1473K, with 3.5MPa




































Figure 3.19: Creep curves of 1mm and 5mm thick specimens.
???? 5mm?????????1mm????????????Fig. 3.17?????













































































Figure 3.20: Steady-state creep rate at various temperatures.
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???????????????????????????????????? f.c.c.??
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Cu by Barrett et al
Our Pt



















(a) Comparing ours and Barrett's (b) Comparing ours and others
Figure 3.22: Creep test condition in this investigation and other conditions reported pre-
viously.
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After Annealed at 1373K After Crept at 1373K
=)
After Annealed at 1473K After Crept at 1473K
=)
After Annealed at 1573K After Crept at 1573K
=)
After Annealed at 1673K After Crept at 1673K
Figure 4.1: Microstructures of Platinum-10%Rhodium alloy before and after the creep test.
48 ? 4? ???????????????


































?a?1473K 7MP ?b?1673K 5MPa
Figure 4.2: Creep curve examples of Platinum-10%Rhodium alloy.














































Figure 4.3: Steady-state creep rate and creep rupture time of Platinum-10%Rhodium alloy.




















Annealed at 1673K for 1 hour Crept at 1273K, 18MPa _" = 1:110
 7
=)
Annealed at 1973K for 1 hour Crept at 1273K, 18MPa _" = 9:610
 8
Figure 4.4: Microstructures of dierent grain size specimen of Platinum-10%Rhodium alloy
before and after the creep test.
Table 4.1: Initial grain-size of the Platinum-10%Rhodium specimens.
Annealing Grain size Symbol
Specimen temperature (mm) 1mm 0.5mm
1473K 0.2 ? -
Pt-10%Rh 1673K 0.35 ? ?
1973K 0.6 ? ?
50 ? 4? ???????????????






















Figure 4.5: Steady-state creep rate of
Platinum-10%Rhodium alloy with various







































Figure 4.6: Creep curve examples of









































































Figure 4.7: Creep curve examples of Platinum-20%Rhodium alloy.















































Figure 4.8: Steady-state creep rate and creep rupture time of Platinum-20%Rhodium alloy.
52 ? 4? ???????????????












After Annealed at 1373K After Crept at 1373K
=)
After Annealed at 1473K After Crept at 1473K
=)
After Annealed at 1573K After Crept at 1573K
=)
After Annealed at 1673K After Crept at 1673K
Figure 4.9: Microstructures of Platinum-20%Rhodium alloy before and after the creep test.
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5.2 ????



















































added Platinum after the creep tests.
?????? ?????????????????????????????????
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Figure 5.10: Stress dependence of the
steady(minimum)-state creep rate compen-







































Table 5.2: Tensil strength and Vickers hardness.
Metal or Alloy Tensile strength?MPa? Vickers Hardness?Hv?





added Pt 200 65
Pt-10%Rh 320 90
Pt-20%Rh 400 110





































Figure 5.11: L-direction of the specimen.
Tensile Stress
Figure 5.12: T-direction of the specimen.
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